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A 10-yr-old female presented with cerebriform tumors 
covering the plantar surfaces of both feet. Histologically, 
the lesions consisted of thick collagen fibers and the 
content of collagen per surface area of skin was in-
creased about 8-fold. Examination of the collagen by 
SDS-polyacrylamide gel electrophoresis, after limited 
pepsin proteolysis, showed that the lesions consisted 
almost exclusively of type I collagen, the predominant 
collagen type in human skin. Thus, a diagnosis of con-
nective tissue nevi of the collagen type was made. Fibro-
blast cultures were established from the affected and 
normal-appearing areas of the skin, and examined for 
the rate of collag~n synthesis, production of collagenase 
and growth kinetics of the cells. Cell cultures derived 
from the lesion and from control skin synthesized pro-
collagen at the same rate and in a normal type 1/type III 
procollagen ratio. However, the production of enzymat-
ically active and immunologically detectable collagenase 
was reduced by 70-82% in the cultures derived from the 
lesion as compared to controls (p < 0.005). Fibroblasts 
derived from the lesions also displayed a mean popula-
tion doubling time of 1.17 ± 0.08 days compared to 1.83 
± 0.24 and 1.92 ± 0.09 days for control cell strains and 
cells derived from normal skin of the patient, respec-
tively (p < 0.025). These r esults suggest that the exces-
sive deposition of collagen in this case may have resulted 
from decreased local degradation of collagen. Enhanced 
proliferative capacity of the regional fibroblasts may 
have contributed to the accumulation of collagen in these 
lesions. 
Connective t issue nevi of the skin are h amartoma tous lesions 
consis ting predominantly of one of the components of the 
extracellular m a trix-collagen , elastin, or proteoglycans [2]. 
Connective tissue nevi of the collagen type are either inherited , 
such as th e lesions in familial cutaneous collagenoma or the 
shagreen patches in t uberous sclerosis, or they are present as 
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acquired lesions without family history. In addition, isolated 
collagenomas have been d escribed in various locations of the 
skin a nd sometimes in an unusual distribution pa ttern. How-
ever, the reasons for excessive accumula tion of collagen in 
connective tissue nevi of the collagen type are not clear. 
In this s tudy, we r eport a case of connective t issue nevi 
presenting with bilateral cerebriform tumors of the plantar 
surfaces. Histopa thologic and biochemical a nalyses of the le-
sions demonstrated tha t they were composed of collagen . Stud-
ies employing fibroblast cultures suggested that the excessive 1 deposition of collagen in this particular case m ay be due to 
d ecreased local degrada tion of collagen in the lesions. 
CASE REPORT 
Clinical 
A 10-yr-old female with normal intelligence was seen at Washington 
University School of Medicine by one of us (AZE) in October 1977. 
because of a progressive thickening of the soles of her feet since 1 yr of 
age. There was no family history of a similar condi tion. The patient 
was otherwise in excellent health. Examination of the skin revealed 
fleshy, cerebriform elevations over the plantar surfaces wi th extension 
onto the sides and dorsal aspect of several toes (Fig 1). The lesions had 
been biopsied on several occasions in the past and the histopathologic 
changes were interpreted to be consistent with nodular subepidermal 
fibrosis, fibroma, pachydermoperiostosis, or were thought to be in the 
broad category of connective tissue nevus. No other skin lesions were 
found. The complete blood count, serum calcium, and alkaline phos-
phatase levels were normal. Radiographs of the feet revealed an area 
of circumscribed ossification continuous with or just latera l to the right 
cuboid bone. This finding was not evident in radiographs taken 2 yr I 
previously. 1 
The patient was referred to the Division of Plastic Surgery (BH) for 
surgical correction of the lesions. The patient underwent excision of 
the lesions on the left plantar foo t, great toe, and second toe under 
general anesthesia in March 1978. The resultant defect was repau·ed 
with a split thickness skin graft from the buttock and healed without 
complication. S ix months late~ 2 raised areas of co~woluted scarring \ 
were noted w1thm the graft stte. Smce the cosmetic and ·runctmnal 
results of the surgery were excellent, the lesions on the right foo t and \ 
toes were excised in November 1978. Again, the grafted areas healed 
uneventfully wi th good cosmetic and functional results which have 
persisted to the present. 
MATERIALS AND METHODS 
Histopathology 
Multiple biopsies from the excised lesions were taken for light 
microscopy. The specimens were fixed in 10% neutral formalin and 
processed routinely. The sections were stained with hematoxylin-eosin, 
trichTome-Masson, orcein-Giemsa and VeThoeff-van Gieson stains. 
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Fibroblast Cultures 
Skin fibroblast cul tures were initiated from specimens of the foot 
lesions obta ined during the corrective operative proceduTes. At the 1 
same time, 3-mm punch biopsies were obtained from the adjacent 
normal-appearing skin of the foot, as well as from the uninvolved skin 
on the trunk. Cells were cultivated in Dulbecco's Modified Eagle' 
Medium plus glutamine (DMEM) with 30 mM N-2-hydroxyethylpiper-
azine-N'2-ethanesulfonic acid (HEPES) buffer, pH 7.6, containing 20'{: 
fe tal calf serum, 200 units per ml of penicillin and 200 llg per ml of 
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FIG 1. Bilateral connective tissue nevi of the plantar surfaces. Note 
the cerebriform appearance of the lesions. 
streptomycin. The cells were passed serially by trypsinization a nd used 
in t he 3rd to 7th passage. 
T he growth kinetics of the cells were determined by seeding parallel 
cultures from a single pool of fibroblasts at low density. Replicate 
cultures were fed serum-containing medium every other day, and 
du plicate cultures were harvested daily for cell counts. 
Collagen Analyses 
To a nalyze the re lative proportions of genetically distinct collagens 
in t he lesions, t issue specimens were extensively minced with scissors 
and homogenized with a Polytron tissue homogenizer in 0.5 N acetic 
acid, 100 mg wet weigh t of t issue/ mi. Skin biopsy specimens obtained 
fro m control patients were processed in a similar manner. Aliquots of 
the homogenate were hyru·olyzed in 6 M HCl for 24 hr at 120°C, a nd 
assayed for hydroxyproline using a specific colorimetric procedure [3). 
Pepsin (Worthington, 2 X crystallized) , 1 mg/ ml, was added to the rest 
of t he homogenate and the samples were incubated at l5°C for 20 hr. 
The homogenate was centrifuged at 4 °C for 60 min, the pellet was 
resuspended in 0.5 M acetic acid and the pepsinization was repeated 
two additional times, as described above. The superna tants of the 
pepsin digestions were pooled, and the_ pepsin-solubilized coHagen was 
partially punfied by precipi tatiOn wi th 10% NaCI. The pellet was 
treated with SDS and the proteins were examined by SDS-polyacryl-
an:Ude sla b gel electrophoresis using 6% gels employing delayed reduc-
tion of the disulfides by 2-mercaptoethanol [ 4). The protein bands were 
visualized by staining with Coomassie Blue and quantitated by scanning 
at 600 nm with a Zeiss PM6 spectrophotometer with an attached gel 
scanner and an integrating recorder. 
To measure the rate of collagen synthesis by the cultu red fibroblasts, 
the cells in early confluence were incubated with ["H)proline in DMEM 
containing 20% dialyzed fetal calf serum in HEPES buffer, under 
conditions which we have recently optimized to yield reproducible 
results on procollagen production by cultured human fibroblasts 
[5-7). Ascorbic acid, 50 l'g/ ml, and a ,8-aminopropionitrile, 20 l'g/ ml, 
were added to the incubation medium 4 hr prior to labeling. At the end 
of the 20 hr labeling period, the cell and medium fractions were assayed 
for peptide-bound ["H]hydroxyproline, as described elsewhere [8,9]. 
Aliquots of t he cell fraction were assayed for total cell protein [10) and 
DNA [11). The amount of radioactive hydroxyproline synthesized by 
the cultUJ"es, in relation to DNA and cell prote in, was taken as an index 
of procollagen synthesis. 
T he synthesis of genetically distinct procollagens by the cultuJ·ed 
skin fibroblasts was also studied by incubating the cells with radioactive 
proline, as indicated a bove. At the end of the incubation period, a 
mixture of protease inhibitors was added to the medium to give the 
final concentrations of 10 mM N-ethylmaleimide, 20 mM Na,EDTA, 
and 1 mM a -toluenesulfonyl fluoride. r:'HJProcollagen was partially 
purified by precipi tation with 114 mg ammonium sul fate per ml, and 
type I and type Ill procollagens were separated by chromatography on 
DEAE-cellulose, as described elsewhere [6,12). The ["H]hydr oxyproline 
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content of the type I and type Ill procollagen peaks was assayed as 
described previously [6,8). 
Assay of Collagenase 
To determine the production of collagenase in skin fibroblast cul -
tw·es, the cells were washed 3 t imes in a total volume of 100 ml of 
Hank's balanced salt solu tion. The cultures were then maintained for 
24 hr in 7-10 ml of serum-free DMEM containing 30 mM HEPES 
buffer, pH 7.6, as described previously [13]. The medium was harvested, 
buffered with 1 M Tris-HCl, pH 7.5, to a final concentration of 50 mM 
and stored at -70°C unt il used. Total collagenase activity in the cell 
culture medium was assessed by activating procollagenase proteolyti-
cally with trypsin [14). The enzyme activity was measured using native 
reconstituted [ 14C)glycine-labeled collagen fibrils containing approxi-
mately 3,000 cpm/substrate gel [15). 
Immunoreactive human skin collagenase was measured by a slight 
modification of the double-antibody radioimmunoassay [16). The pro-
collagenase used as the unlabeled standard and for iodination in the 
radioimmunoassay was pUJ"ified to homogeneity from cell cul ture me-
dium as described by Stricklin et al [17). This same enzyme prepru·ation 
wa used to produce monospecific antiserum to the enzyme [18]. 
RESULTS 
Histologic examination of the lesions revealed a normal epi-
dermis (Fig 2). The dermis was markedly thickened, and the 
subcutaneous adipose tissue was displaced by thick collagen 
fibers . The collagenous tissue in the dermis had a homogenous 
appearance, and only a few appendageal structures were seen. 
Examination with Verhoeff-van Gieson stain demonstrated 
sparse elastic fibers. These histologic findings suggested that 
the lesions were connective tissue nevi of the collagen type. 
To estimate the collagen content of the lesions by biochemi-
cal means, a full-thickness punch biopsy of skin was taken from 
the lesion of the rightfoot. Control samples were obtained from 
the unaffected area of the left foot as well as from 5 age-
matched controls from the same anatomical location. The con-
FIG 2. Histology of the connective tissue nevi of the skin. The 
pictw·e demonstrates accumulation of collagen in lower de rmis and 
prutial replacement of the subcutaneous tissue by collagen (hemato~ 
ylin-Eosin stain; X 9.5). 
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nective tissue nevus contained about 8 times more collagen 
than the controls when expressed as flg hy<:hoxyproline per em~ 
of surface area of skin (Table I). Thus, this resul t confirmed 
the histopathologic observations suggesting that the lesions 
were connective tissue nevi of the collagen type. 
To analyze the relative contents of the genetically distinct 
collagens in the lesions, the majori ty of collagen was solubilized 
by limited pepsin proteolysis. The collagen a -chains were then 
separated by SDS-polyacrylamide slab gel electrophoresis, em-
ploying conditions which allow separation of a1(l) and a2 (l)-
chains of type I collagen from al (Ill) and a l(V)-chains repre-
senting type III and type V collagens, respectively. Examination 
of the electrophoretic patterns indicated that a 1(l) a nd a2(l)-
cha ins were the major bands migrating in the a-chain region, 
a nd dimers of a-chains, ,81,1 and ,81,2 were present in all samples 
(Fig 3). In the controls significant peaks corresponding to a1(III) 
a nd a1(V)-chains were also present while little, if any, evidence 
of these chains could be noticed in the collagenoma lesions (Fig 
3). Thus, the connective tissue nevi studied here appe:ued to 
consist a lmost exclusively of type I collagen. 
TABLE I. The content of collagen in the cerebriform. connective 
tissue nevi of the shin 
Spec imen 
Controls (n = 5) 
Patient, un~ ffected foot 
Patient, affected foot 
Hydroxyproline" 
(l'g x 10-"; mm' Skin 
surface) 
2.83 ± 1.13 
3.29 ± 0.64 
23 .21 ± 4.18 
% of Control 
100.0 
116.3 
820.1 
"The values are mean ± SD from 3 separate determinations. 
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FIG 3. SDS-polyacrylamide slab gel electrophoresis of collagen sol-
ubilized by limited pepsin proteolysis of the skin from a control subject 
(upper fram e) and the patient wi th connective tissue nevi (lower 
fram e). The solubilized collagen was isolated as indicated in Materials 
and Methods and then electrophoresed employing delayed reduction 
with 2- mercaptoethanol. The gels were stained with Coomassie blue, 
and the proteins were quantitated by scanning at 600 nm. The OITOW8 
indicate the migration positions of a /(1) and a2(1) chains of type I 
collagen, a 1 (Ill), and a 1 (V) chains of type III and V collagens, as well 
as those of {31 , .1 and {11 ,2 chains of type I collagen. 
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TABLE II. Growth !line tics of fibroblasts cultured from the shin of 
patient with cerebriform connective tissue nevi 
Cul ture 
Controls (n = 3) 
Patient, unaffected trunk 
Patient, unaffected foo t 
Patient, affected foot 
"Mean± SE. 
Population doubling time 
day .. /' 
1.83 ± 0.24 
1.92 ± 0.09 
1.83 ± 0.27 
1.1 7 ± 0.081' 
" p < 0.025 compared to control cultures. 
p < 0.0025 compared to unaffected trunk skin cultures. 
p < 0.025 compared to unaffected foot skin cul tures. 
TABLE III. Collagenase production. by fibroblasts cultured from. shin 
of patient with cerebrifonn connect.ive tissue n evi 
Culture 
Exp. 1 
Controls (n = 8) 
Patient, affected foot (n = 
2) 
Exp. 2 
Controls (n = 6) 
Collagenase 
activity 
cpm/ l'g Protein" 
66.1 ± 7.8 
11.7 ± 2.9'" 
133.7 ± 26.4 
40.4± 5.71 
Immunoreactive A/ I 
coll age nase 
ng/ l'g ProLein'' cpm/ ng• 
ND" 
ND 
7.8 ± 1.3 
2.4 ± 0.9" 
ND 
ND 
17.1 
16.8" Patient, affected foot (n = 
2) 
----~--------------------------~-------------- 1 
" Collagenase ac tivity is expressed as cpm [ '"Clcollagen solubil ized 
per p.g medium protein in a 5-hr assay at 37"C (mean± SE). 1 1
' Immunoreactive protein is expressed as ng of immunoreactive 
collagenase per p.g medium protein (mean ± SE). 
·· The ratio A/ I refers to the mean collagenase activity per ng im-
munoreactive protein. 
"ND, assay not done. 
,. p < 0.005 compared to the control cultures. 
r p < 0.05 compared to the control cul tme . 
# p < 0.05 compared to the control cultures. 
" p = NS compared to the control cultures. 
TABLE IV. Procollagen production by fibroblast.' cultured from the 
shin of patient with cerebriform connective tissue nevi 
Cui Lure 
Controls (n = 3) 
Patient, unaffected trunk 
Patien t, unaffected foot 
Patient, affected foot 
[ "HlHydi"Oxyp roline" 
(dpm x w-"l l"g DNA/ hr) (dpm/ m;,./""otein/ \ 
1.82 ± 0.58 36.9 ± 10.7 
2.41 ± 0.31 37.1 ± 8.3 
1.93 ± 0.28 34 .0 ± 3.1 
2.29 ± 0.49 41.0 ± 11.1 
" The values are mean ± SD of three parallel determinations. 
Fibroblast cultures were initiated from the affected and un- 1 
affected areas of skin on the foot and also from the unaffected 1 
area on the trunk. Fibroblasts from the lesion were indistin-
guishable from the control cells in their appeara nce when 
examined by phase contrast microscopy. Detailed measw-e-
ments of the growth kinetics of the cultured fibroblasts dem-
onstrated that the mean population doubling t ime of cell 
derived from the affected foot was significantly shorter than 1 
those in control cultures (Table II). However, the final satma-
tion density, i.e., the number of cells per flask at confluence, ' 
was not different between affected and the control cul tme 
(results not shown). It should be noted that the shortened mean 
population doubling time was observed with affected cell cul-
tures at different passages. These findings indicate that the 
fibroblasts derived from the lesion had significantly enhanced 1 
growth potential. 
In further studies, the production of collagenase, the enzyme 
responsible for initiating the degradation of collagen in tissue 
was assayed in the fibroblast cultures. The production of col-
lagenase which could be maximally activated by controlled 
proteolysis was reduced by 70-82% in the cu ltures derived from 
Fe b. 1982 
the lesion, as compared to the controls (Table III). The pro-
duction of immunologically detectable collagenase protein by 
the affected cultures was similarly reduced by 70%. Thus, t he 
ratio of enzymatically active enzyme to the enzyme protein 
(catalytic efficiency) was the same in fibroblast cultures both 
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FIG 4. DEAE-cellu lose chromatography of type I and type III pro-
collagens synthesized and secreted by fibroblasts cul tured from control 
skin (A) and from the connective tissue nevi (B). The cells were 
incubated with [3H)proline as indicated in Materials and Methods, and 
the medium aH-protein was chromatographed under conditions which 
allow separation of type I and type III procollagens. The peaks repre-
senting type I and type III "H-procollagens were pooled, as indicated 
by horizontal bars, and assayed for [3H]hydroxyproline as a measure of 
3 H-procollagens type I and type III, respectively. 
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from the lesion and the unaffected skin (Table III) , sugge ting 
that the affected cells were synthesizing a structurally normal 
collagenase. 
The synthesis of procollagen by cells was also studied by 
incubating fibroblast cultures with radioactive proline and mea-
suring t he formation of radioactive hydroxyproline. The rate of 
['3H]hydroxyproline formation, when expressed in relation to 
DNA or total cell protein, was not different between cul tures 
derived from affected and unaffected skin of the foot (Table 
IV) . The synthesis of genetically distinct types of procollagen 
was also studied by incubating the cells with ("H]proline, and 
type I and type III CHJprocollagens were separated by DEAE-
cellulose chromatography. The resul ts demonstrated that eHJ 
procollagens type I and type III were synthesized in the same 
ratio in cul tures derived both from affected and unaffected skin 
(Fig 4). More specifically, the ratio of type ! / type III CHJ 
procollagen was about 5:1, a ratio which was observed in the 
control fibroblast cul tures here (Fig 4), as well as in our previous 
studies (see references 19-21). Thus, despite the apparent ab-
sence of type III collagen in the lesion in vivo, these cells 
retained the capacity to syn thesize both type I and type III 
procollagens in cul ture. 
DISCUSSION 
In this study we have examined a patient with cerebriform 
tumors covering t he plantar surfaces of both feet. Assay of 
hydroxyproline, a marker for collagen [22], indicated t hat the 
content of collagen of these lesions, when related to the surface 
area of skin, was increased about 8-fold . This observation was 
further supported by histopathologic examination of the lesions 
which revealed accumulation of thick collagen fibers in the 
dermis and subcutaneous t issue. The amount of elastic fibers, 
visualized by special stains, appeared to be diminished, proba-
bly represent ing a dilution phenomenon due to excessive col-
lagen deposition. The importance of this observation is empha-
sized by the fact that elastin contains significant amounts of 
hydroxyproline, although the relative content of this imino acid 
in elastin is less than that in collagen [23]. Since the content of 
elastin appeared to be decreased in the lesions, it is unlikely 
that elastin would contribute to t he markedly increased values 
of hydroxproline. Thus, the lesions in the patient were diag-
nosed-clinically, histopathologically and biochemically-as 
connective t issue nevi of the collagen type. 
Theoretically, the excessive accumulation of collagen fibers 
could result either from locally increased production or de-
creased degradation of collagen in t he lesions. To explore the 
mechanism leading to collagen deposit ion in vivo, fibroblast 
cultures were initiated from the skin and examined for the 
production of collagenase, t he rate of procollagen synthesis and 
the growth cha1·acteristics of the cells. The production of col-
lagenase, which could be activated by controlled proteolysis, 
was strikingly reduced in cell cultures derived fro m the lesions. 
Similarly, the production of collagenase, assayed as immuno-
logically detectable protein, was decreased to the same extent, 
thus suggesting that the diminished production of collagen~se 
by these cells was a resul t of reduced synthesis of an otherwise 
unaltered enzyme protein. Although the basic defect leadmg t_o 
reduced production of collagenase is at present unknown! 1t 
seems reasonable to postulate that the fibroblasts of the leswn 
may represent a clonal population of cells in which there may 
be an aberration at the transcriptional or translational level 
during collagenase synthesis. Alternatively, an abnor_mality at 
a post-translational level of protein synthesis, such as mcreased 
degradation of newly-synthesized enzyme protein, could pro-
vide an explanation for the diminished accumulation of colla-
genase in the affected cultm es. Irrespective of the specific 
mechanism for the reduced production of collagenase observed 
in t hese fibroblast cul tures, decreased enzyme levels could 
explain the excessive deposition of collagen in the skin lesions 
of this patient. Additional factors, such as t rauma at t he site of 
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t h e lesions could play a furth er role in amplifying th e collagen 
accumulation. 
It sh ould b e noted that th e m ean population doubling time 
of th e fibroblasts derived from the lesions was significantly less 
than t h a t in cultures derived from the unaffected skin of the 
p atien t or from normal controls. It is possible, therefore, that 
th e excessive deposit ion of collagen m ay, in part, also result 
from enhanced proliferative capacity of the r egional fibroblasts. 
The syn t hesis of procollagen by the fibroblasts derived from 
th e lesions was unal tered when th e values were related to DNA 
or cell protein conten t of the cult ures. This observation indi-
cates t hat th e reduction in collagenase production by the sam e 
cell lines is not the result of a generalized error in protein 
synth esis, and further underlines th e specificity of the collagen-
'ase data. An interesting observation in affect ed fibroblast cul-
tures was that th e genetically distinct procollagens of type I 
a nd type III were synthesized in a normal 5:1 ra tio, yet th e 
lesions contained almost exclusively type I collagen, th e pre-
dominant collagen in human skin. These data suggest the 
exist ence of in vivo constraints for synthesis of type III collagen 
which are rem oved under culture condit ions, thus, allowing 
type III procollagen synthesis to be expressed . Alternatively, it 
is possible tha t in th e lesions studied here, degradation of typ e 
I ccJagen was selectively inhibited, while th e breakdown of 
typ{, III collagen proceeded at a normal rate. 
Clinically, th e pa tien t presented here h ad connective t issue 
nevi which were striking and highly unusual in appear ance. N o 
associated abnormalities could be detected , and th e patien t 's 
intelligence W!lS normal. Although connective t issue nevi can 
be eith er h er editary or acquired [2), it should be emphasized 
t hat this patient's condition was a sporadic trait a nd th er e was 
no family history of similar lesions. Furthermore, th ere was no 
evidence of associated features suggesting t uber ous sclerosis. 
T hus, this patien t appears to h ave acquired isolated collagen-
om as. Acquired connective t issue nevi of the collagen type have 
been described in various locations a nd in various peculia r 
distribut ions; these h ave been called paving stone nevi, erupt ive 
collagen om as, or zosteriform connective tissue nevi [2). R e-
cently, 2 pa tients with lesions on their plantar surfaces strik-
ingly similar to t hose seen in our patient, h ave been presented 
[24). H owever , th ese p atien ts differed from t he presen t case by 
t he presence of multiple hamar tom as, including linear epider-
mal nevi, h em angiomas, lipom as, hyperostoses and scleral t u-
mors. The patients also demonstrated mult iple skeletal and 
craniofacial abnormalities, and both were m entally deficien t . 
The histopath ology of the plantar lesions was reported to 
co nsist of "highly ·collagenized fibrous connective tissue" [24). 
Thus, it appears that these 2 pa tients had connective tissue 
nevi s imilar to those seen in our patient, and it can be postulated 
t hat t h e mech anisms leading to collagen accumulation m ay be 
similar in all these cases. 
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